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REMARKS 

The Office asserts that a process that includes selectively hydrogenating the carbon- 
carbon double bonds of pseudoionone to form tetrahydrogeranylacetone is obvious over a 
process that includes hydrogenating an olefinic material (Kaibel - U.S. 5,939,589) in 
combination with a process that includes hydrogenating a compound having one C-C double 
bond and one carbonyl bond (Broecker - U.S. 6,150,564). Applicants traverse the rejection 
for the reason, inter alia, that Broecker does not disclose or suggest that improved selectivity 
may be obtained when hydrogenating molecules having more than one C-C unsaturation. 

Applicants submit that it is readily recognized by those of skill in the art that the rate 

of hydrogenation of different C-C unsaturations varies with the chemical environment of the 

C-C unsaturation. Applicants submit herewith pages 189-190 of "Ullmann's Encyclopedia of 

Industrial Chemistry, 5th Edition", Volume AlO (1987) which disclose the following with 

respect to the selectivity of C-C double bond hydrogenation in a molecule that has several 

double bonds in different chemical environments: 

A fatty acid with several double bonds, such as linolenic acid. . is 
hydrogenated more quickly to linoleic acid (Ci8:3) or oleic acid 
(Ci8:2) than is linolenic acid to oleic acid (Ci8:i) or oleic acid to 
strearic acid (Ci8:o). 

See page 189 right hand column. In the above quoted text (Ci8:x) represents a 18 carbon 
molecule with "X" C-C double bonds. 

Ullmann's therefore shows that the reactivity of all double bonds cannot be treated 
equally and that the rate of hydrogenation (e.g., the ease of hydrogenation) of the C-C double 
bonds of an organic molecule depend at least in part on the chemical environment around the 
C-C double bond. 

Broecker . at best, discloses that selectivity of C-C vs C-O hydrogenation may be 
improved for molecules that have only a single C-C imsaturation (and therefore only a single 
rate of hydrogenation). For example: 
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The novel process may in principle be used for all a,/S-unsaturated 
carbonyl compounds of the formula (I), the shortened reaction time 
improving the selectivity with respect to hydrogenation of the 
double bond, i.e. the individual reaction with the larger rate 
constant . In a preferred embodiment, the starting material citral is 
converted to citronellal. 

See column 2, lines 28-34 of Broecker (underlining added for emphasis). 

Even if Broecker may suggest that the prior art process may be carried out on 
molecules having more than one C-C double bond (e.g., where Rl is an olefinic moiety), 
Broecker does not disclose or suggest that the C-C double bonds of the olefinic moiety have 
different rates of hydrogenation (e.g., having different rate constants). Broecker fiirther does 
not disclose that the other C-C double bonds may be selectively hydrogenated with respect to 
the C-O double bond. 

The psuedoionone of the present claims has three different C-C double bonds each 
having a different rate/ease of hydrogenation. The preference to hydrogenate only the C-C 
double bonds over the C-O double bonds would not have been foreseen by Broecker ' s 
disclosure which is relevant to molecules containing one C-C double bond. The extra 
selectivity, e.g., increased selectivity, of the claimed process was therefore not foreseeable 
fi-om the prior art relied on by the Office. 

Applicants draw the Office's attention to new dependent Claims 23-26 which require 
certain degrees of hydrogenation conversion and/or selectivity. In contrast, Broecker 
discloses a hydrogenation of citral which is carried out with a selectivity of 94% and a 
conversion of 99.5%, substantially less than the 96% selectivity and 99.9% conversion of the 
new dependent claims. 

Applicants fiirther traverse the rejection on the grounds that the Office has not shown 
nor provided any reasoned technical basis why it would be obvious to selectively 
hydrogenate the C-C unsaturations of a compound having a multiple C-C unsaturations 
without hydrogenating a carbonyl moiety in the same molecule. Applicants submit that it is 
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readily recognized by those of skill in the art that the ease of hydrogenation of different 
functional groups varies with the nature of the unsaturation. Applicants submit herewith 
pages 1093-1096 of "Advanced Organic Chemistry, S^'^ Edition", J. March, Ed., (1985) which 
show that conjugated olefins are more difficult to hydrogenate than ketone materials of 
formula RCOR. Pseudoionone, the compound undergoing hydrogenation in the presently 
claimed process, has conjugated C-C double bonds, see the attached structure for 
pseudoionone obtained from www.sigmaaldrich.com. Consistent with Broecker , "Advanced 
Organic Chemistry" indicates that an internal unsaturation of formula RCH=CHR undergoes 
hydrogenation before a carbonyl-containing compound such as a ketone of formula RCOR. 

The Office appears to assume that Broecker's disclosure of the selective 
hydrogenation of a single internal olefinic bond preferential to the hydrogenation of a 
carbonyl material is evidence that all of the C-C unsaturations of pseudoionone would 
necessarily be hydrogenated before the carbonyl moiety of pseudoionone. Applicants submit 
that the Office failed to take into consideration information regarding the ease of 
hydrogenation of different unsaturated materials in comparison to the ease of saturation nof 
ketonic groups, e.g., such as the attached ease of hydrogenation information provided in 
"Advanced Organic Chemistry". 

Applicants submit that it does not necessarily follow from Broecker 's disclosure that 
all unsaturated carbonyl compounds imdergo complete hydrogenation of any C-C double 
bonds before hydrogenation of any C-O double bonds. In fact, "Advanced Organic 
Chemistry" teaches just the opposite; namely, that compounds having conjugated C-C 
unsaturation are much more difficult to hydrogenate in comparison to carbonyl-containing 
compounds such as ketones of formula RCOR. If the hydrogenation of pseudoionone 
occurred in the order disclosed in "Advanced Organic Chemistry" the carbonyl moiety would 
undergo hydrogenation before the C-C unsaturated double bonds of the conjugated 
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unsaturated system. Consequently it would be impossible to obtain tetrahydrogeranylacetone 
by hydrogenating pseudoionone. However, as Applicants have shown, it is possible to obtain 
tetrahydrogeranylacetone from pseudoionone, e.g., when the hydrogenation is carried out 
with the particular device recited in the present claims. 

Applicants submit that those of ordinary skill in the art would not expect to obtain 
tetrahydrogeranylacetone from pseudoionone in view of Broecker or Kaibel in view of the 
ease of hydrogenation information disclosed in "Advanced Organic Chemistry". Applicants 
request withdrawal of the rejection. 

Applicants draw the Office's attention to new dependent Claims 19-22 drawn to 
different embodiments of the invention. In particular, Claims 19 and 21 state that the 
pseudoionone comprises essentially no amount of a diluent. In contrast, Broecker discloses 
the hydrogenation of citral-containing mixtures that contain 27 wt.% of a diluent such as 
methanol (see the examples of Broecker) . Applicants submit that new dependent Claims 19 
and 21 are further patentable over the prior art relied upon by the Office on the ground that 
those of ordinary skill in the art would have no reason to believe that carrying out the 
hydrogenation of an essentially pure pseudoionone solution would be an effective means of 
obtaining tetrahydrogeranylacetone. 

For the reasons discussed above in detail. Applicants submit that all now-pending 
claims are in condition for allowance and respectfully request the mailing of a Notice of 
Allowance acknowledging the patentability of the presently claimed subject matter. 



Respectfully submitted. 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 
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the triglyceride molecules. This is demonstrated 
for interesteiificaiion of equal proportions of 
tiistearin (S-S-S) and trioldn (O-O-O): 



S > ateane add. O > oldD BCid 

la directed interesterifieation, Xba tempoiS' 
mre is reduced to such an extent that the highest 
melting glyceiides are continovsly irozen out of 
the reaction mixture, in turn continOOUSly shift- 
ing the reaction equilibrium. In this way a fat can 
be separated into higher and lovrer melting frao 
tions. The higher melting fra^on contains 
g^pcerides of saturated &tty acids (stearin firac- 
lion), whereas the gjycetides of unsaturated fatty 
adds are found in the lower melting fraction 
(olein fraction). Diiectad inteiesterifieation of 
stearodioldn can yidd 33.3 % of tristeaiin and 
66.7% of triolein: 

O-S-0 

i 

S-S-S o-o-o 

33.3% 66.7% 

S 13 ateanc add, O - oleic Mid 



3^. 

The double bonds in a SaXty add chain can be 
wholly or partially saturated by addition of by* 
drogeu in the presence of a suitable catalyst such 
as nickel, platimmi, copper, or palladium. Hy- 
drogcnation always leads to an increase in melt- 
ing point and is therefore also called "barden- 
icg". Partial hydrogenadon can lead to 
isomerization of cis double bonds to trans dou- 
ble bonds. 

The catalyst, the oil, and the hydrogen must 
be brought into mutual contact under Stable 
temperature and pressure conditions. The reac- 
tion rate depends on mixing intensity, the tyx>e of 
oil or fat, temperature, catalyst activity, and con- 
centrations of catalyst and dispersed hydrogen. 
Hydrogenation is an exothermic process. Indus- 
trUit nickel catalysts are generally obtained by 
precipitation of nickd hydroxide or carbonate 
on kieselguhr, silica gel, alumina, or similar car- 
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Tiers, followed by reduction to metallic nidcel, or 
by in situ production of metallic nickel from 
nickd formate. Such heterogeneous catalysts 
have a large activated surface. During hydroge- 
nation the double bonds form transient com- 
plexes with the active centers of the catalyst. 
These complexes disintegrate after reaction of 
. the double bonds with hydrogen, leaving the cat- 
alyst in its original form [26). The active centers 
of die catalyst can be uiaedvated or poisooed by 
a nuinber of compounds such as phospholipids, 
suUhr compounds, organic acids, and oxidized 
lipids. 

A fatty add with several double bonds, such 
as linolenic add (Cj,,,), is hydrogenated more 
quickly to linoldc add (Ci8,2) or oleic add 
(Czs: i) than is linoldc add to aide add or oleic 
add to stearic add (Cib.o)- reaction se- 
quence occurring daring hydrogenation can be 
as follows: 



The term selectivity is us« 
of these reactions is fastest. Sdeetii^ty I is de- 
fined as the ratio kjk^; it is related to the pro- 
portion of saturated glyceiides formed and to the 
melting behavior of the product. Selectivity n, 
expressed as the ratio kjk^, must be as bi^ as 
possible if the concentration of Unotdc add in 
the hydrogenated product is to be maximized 
(271. 

Selectivity can be inftuenoed by the catalyst 
type (surface area, pore size, ete.) and by altering 
the reaction conditions. An increase m selectiv- 
ity, Le., ah increase in partial hydrogenation, 
promotes isomeiization of cis to trans double 
bonds. . . 

At temperatures above 200 "C and with a low 
hydrogen concentration, catalytic hydrogena- 
tion of polyunsaturated fat^ add groups can 
lead to the formation of traces of Cjydic aromatic 



The double bonds of substitnted fotty adds 
such as ridnoleic add can also be hydrogenated 
under suitable reaction conditions. Cydopnop- 
ane or <9clopropene groups behave as double 
bonds and lead to branched fatty acids on hydro- 
genation. , 

Iron pentacarbonyl and cobalt oetaearbonyl 
are examples of 1: 
catalysts. 
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Reduction with hydrazine does not lead to 
isomerization; there is also no selectivity 



3.4. 

Naturally occurxing fatty acids exist pre- 
dominantly in the cis form, An equilibrium mix- 
ture in which the higher meldng trans form pre- 
dominates can be formed by heating to 
100-200 °C in the pi«s<moe of cataljnts such as 
nickel, selenium, sulfiir, iodine, nitrosen oxides, 
or sidfur dioxide. 

If selenium or Oxides of nicro^ and sulfur 
are used in the cis-trans isomerization (elaidini- 
zation) of oleic add, there is virtually no posi- 
tional isomerization. However, cis-trans isom- 
erization of linoldc and Unolenic add leads to 
conjugated double bonds. 

Nonconjugated systems can be isomerized 
into conjuiated systems by headng in an alkaline 
solution at 200 "C (-^ Fatty Adds, p. 269). If 
reaction tones and temperatures are extended, 
linolenic add can be converted into cydohexa* 
diene and benzene derivatives: 



Isomerizanon can occur if oils and fats are 
heated at temperatures above 100 "C in the pres- 
ence of bleaching earth, Ideselguhr, or activated 
charcoaL 



3.5. Polymerizatioa 

Dimeric, oligomeric, and polymeric com- 
pounds are formed by beating unsaturated fatty 
adds at 200-300 »C [29] . The rate of polymeriza- 
tion increases with increasing degree of un- 
saturation; saturated fatty adds cannot be poly- 
merized. Thennal polymerization of poly- 
unsaturated fatQr add groups is normally pre- 
ceded by isomerization and conjugation of dou- 
ble bonds. Thermal polymerization involves for- 
mation of new carbon-carbon bonds by 
combination of acyl radicals and by Diels-AIder 
reactions, while oxidative polymerization in- 
volves foimadon of C—O—C bonds. Thermal 
dimerization is catalyzed by Lewis acids such as 
boron trifluoride; industrial processes for dtmer- 
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izing oleic acid are based on this prindple [30], 
Heating of oils during refining or dining house- 
hold use does not lead to a significant increase in 
dimeric triglycerides. Up to 2% dimeric ttiglyo- 
erides can be eocouotered in fresh rafttaates; 
these dimers are not toxic, and are largely ex- 
creted as such. 



3.6. Antdxidation 

Autoxidation, the oxidation of olefins with 
oxygen, plays a decisive role in the development 
of randfiity, off-flavors, and reversion flavors in 
oils and fats during their production and storage. 
Autoxidation of oil-containing products such as 
oilseeds and spent bleaching earths can lead to 
their spontaneous combustion. Autoxidation of 
do^ng oils is an important initial stage of poly- 
merization leading to stable surface films 
(-► E>rying Oils, A9, pp. 62 -64). 

Autoxidation involves the formation of a hy- 
droperoxide on a inethylene group adjacent to a 
double bond ; this step proceeds via a free-radical 



H-CH=CH- 



-Clf-CH=CH- +0, ► - 



-iH-CH=CH- + -CH,-CH=CH- ■ — »■ 
OOH 

-CH-CH«=CH- + -CH-CH=CH- 

Aotoxidation is characterized by aa induction 
period during which free radicals are formed. 
This phase is triggered by light (photo- 
oxygenation), heat, and the presence of com- 
pounds that readily form free radicals (e.g., hy- 
droperoxides, peroxides, and transition metals). 
Photooxygenation, i.c.. light-induced oxidation, 
leads to a particularly fest buildup of radical 
concentration. The formation of singlet oxygen 
under the influence of short-wave radiation and 
a sensitizer such as chlorophyU or orythrosine 
probably plays a key role in this reaction. 

The reactivity of a mechyleae group in form- 
ing a hydroperoxide is enhanced by a second 
adjacent double bond. Hence linoJeic acid oxi- 
dizes 10 to 20 times faster than oleic acid. Linole- 
nic add reacts about three times fester than lin- 
oldc add, since! two doubly activated methylene 
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of two silyl end ethers. If 
zation with TiClj leads to a 

hmerized to 1 .4-diketones 
rotic solvent.*"' 



in acetic acid. /-Butyl hydroperoxide has been used to oxidize certain primary amines to azoxy 
compounds.'"' 
OS V, 341. . 

Reductions: Selectivity""" 



the most common reagent. 
) acetate.'"'- Me^SO-I,/" Br, 
rong oxidizing agents may 
E. if a small amount of base 
Tsion between cysteine and 

varies with the agent.""" For 



involving as it does loss ol 



■nercaptan RSH with diethyl 
Dther mercaptan R'SH is then 



1 variety of oxidizing agent.s. 
inate."'" and sodium perborate 



It IS often necessar>' to reduce one group in a molecule without affecting another reducible group. 
It IS usually possible to find a reducing agent that will chemoselectively do this. The most common 
. broad-spectrum reducing agents are the metal hydrides'"- and hydrogen (with a catalyst)."" Many 
different metal-hydride systems and hydrogenation catalysts have been investigated in order to find 
Londitions under which a given group will be reduced wjthout reducing another group in the same 
molecule. Tables 2, 3, and 4 list the reactivity of various functional groups toward catalytic 
hvdrogenation, LiAlHj, and BH:. respectively.'"*"" Table 5 shows which groups can be reduced 
bv catalytic hydrogenation and various metal hydrides."'" Of course, the tables cannot be exact, 

TABLE 2 The ease of reduction of various functional groups toward 
. catalytic hydrogenation"" 

The groups are listed in approximate order of ease of 
reductJon . , , 



Reaction 


Substratie . 


Product 




0-84 


RCOCl 


RCHO 


Easiest 


9-48 


RNOi 


RNHj 




5-10 




RCH=CHR 




6-26 


RCHO 


RCHjOH 




5-10 


RCH=CHR 


RCHjCHjR 




6-26 


RCOR 


RCHOHR 




0-80 


ArCHjOR 


ArCH, + ROH 




6-28 
5-11 


RC=N 

CO 


RCHjNHj 

©o 




9-43 


RGOOR' 


RCHjOH + ROH 




9-40 


RCONHR 


RCHiNHR 




5-11 
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Most difficult 


9-39. 


RCOO- 
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■"'•For monographs on reductions in general..see Hudlick;^. "Reductions in Organic ChemisUy,.'" Wiley. New York. 1984: 
iiL'Usune. ••Reduciion." Marcel Dekker. New York. 1968. For a review, see Candiin and Re'nnie. in.Benilev and Kirbv. 
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TABLE 5 The esse cf reduction of various functional groups with LiAlH;. 
in ether"- 

Hcwever. LiAlhu is a' very powerful reagent, and much less , 
cherricseiectivity is possible here than with most' of the other metal 
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TABLE 4 The ease-of i-educticn of vcrious.fsjncticnel groups with 
borsne''- . 

/V /= avidsr.t ihat this reagent end LiA!i^<.{:able 3) 

ccrr,ci€riir:: i:.ch other 



Reaction SubstraSe ' ' .ProdacS 

9-39 RCOOH RCH;OK 

-.It . RCK=CKR • ^RCK,CKR;=H 

RCOR ■ rchohr: 



